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METHODS OF MEASURING SOIL MOISTURE IN THE
FIELD

By A. 1. Jounson

ABSTRACT

For centuries, the amount of moisture in the soil has been of interest in
agriculture. The subject of soil moisture is also of great importance to the
hydrologist, forester, and soils engineer.

Much equipment and many methods have been developed to measure soil
moisture under field conditions. This report discusses and evaluates the various
methods for measurement of soil moisture and describes the equipment needed
for each method. The advantages and disadvantages of each method are
discussed and an extensive list of references is provided for those desiring to
study the subject in more detail.

The gravimetric method is concluded to be the most satisfactory method for
most problems requiring onetime moisture-content data. The radioactive
method is normally bhest for obtaining repeated measurements of soil moisture
in place. It is concluded that all methods have some limitations and that the
ideal method for measurement of soil moisture under field conditions has yet
to be perfected.

INTRODUCTION

The subject of soil moisture has long been of interest in agriculture.
For centuries the farmer has picked up and felt a handful of soil
to determine the best time to plow his fields. The amount of moisture
in the soil is also of great importance in hydrology, forestry, and soil-
mechanics engineering. Consequently, much effort has been expended
in the last 50 years in developing methods and equipment for meas-
uring soil moisture under field conditions.

Determination of soil moisture 1s one of the most difficult measure-
ments required in the field of hydrology. Measurement of soil mois-
ture ranges from the method of feeling the soil to the use of
complicated electronic equipment using radioactive substances. The
development of equipment has been directed primarily toward
instruments that continuously measure changes in moisture content
at a single sampling point.
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METHODS
GRAVIMETRIC

The gravimetric method involves collecting a soil sample, weighing
the sample before and after drying it, and calculating its original
moisture content. The gravimetric method is the oldest (other than
the ancient method of feeling the soil) but still continuss to be the
most widely used method for obtaining data on soil moisture.
Because it is the only direct way of measuring soil moisture, it is
required for calibrating the equipment used in the other methods.

Russell (H, 1950) * reporting on work completed in 1843 and
Whitney (A, 1894), describe some of the first scientific investigations
of soil moisture using gravimetric methods. The Kirg tube, for
collecting drive-core samples, was developed in 1890 and v’as modified
and improved by Veihmeyer (A, 1929). Since that time many types
of sampling equipment, as well as special drying ovens and balances,
have been developed for use with the gravimetric method.

The disadvantage of the gravimetric method is the timre and effort
required to obtain data. It is time-consuming work tc collect the
samples, especially from depths greater than a few feet, and to oven
dry and weigh the many samples required for most projects. For
many problems, such as the study of evapotranspiration by grasses,
the sampling procedure alters the area of experiment owing to
{rampling of the vegetation or the making of numerous hcles. Under
these conditions, the sampling may have to be done from platforms,
and the holes may have to be refilled and packed. Soils ere normally
variable within an experimental area and, as two samples cannot. be
collected from the same point, slight variations of moisture content

may be noticed.
SAMPLE COLLECTION

For the best samples, the soil should be homogeneous, just moist
enough to permit easy cutting by the sampling equipment, and free
from roots, organic matter, and stones. Seldom are all these con-
ditions met.

The technique and equipment used for sample collection should be
such that the samples do not lose or gain moisture, or otherwise become
altered or contaminated, during sampling and transportation. In
sampling through a wet layer into a dry layer, care must be taken to
keep the sampling equipment as dry as possible and to prevent water

1 Letters refer to the center heads in ‘‘Selected References,” as follows: A, Gravimetric
method ; B, Electrical-resistance method ; C, Heat-diffusion method ; D, Abs>rption method ;

E, Tensiometric method; F, Penetration method; G, Radloactive method; H, General
method.
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The salt concentration in the soil moisture will materially affect
results obtained by use of soil-moisture blocks. A drop in resistance
correlates with an increase in salt concentration, but the changes in
salt concentration at any single site are generally negligible under
most conditions.

Blocks require relatively little effort to install and can be speedily
read. The Fiberglas blocks are easier to install because they are
thinner and thus may be inserted into the soil without disturbing it
much. The speed of taking readings is greatest with the Colman
meter. In well-drained soils the blocks are fairly durable, and have

a life of 3 to 4 years.
HEAT-DIFFUSION

The basic theory of heat-diffusion blocks or cells was reported by
Patten (C, 1909). The design for a cell was suggested by Shav and
Baver (C,1939a). Kersten (C, 1948), Momin (C, 1947), and Aldous,
Lawton, and Mainfort (C, 1952) tested several modifications of the
design suggested by Shaw and Baver.

The heat-diffusion method is based upon the principle that the heat
conductivity of a soil varies with its moisture content. The tem pera-
ture rise caused by an electrically activated heat source installed in
the soil is measured by a sensitive temperature-measuring devic> and
is correlated with moisture content. Wet soil will conduct heat rap-
idly away from the heat source in the cell and will thus have a smaller
temperature rise than dry soil.

To date, three general types of heat-diffusion cells have been devel-
oped. These are described by Aldous, Lawton, and Mainfort (C,
1952) as a porous-block type in which the electrical elements are im-
bedded in a porous medium, a direct-contact type in which the elec-
trical elements are directly in contact with the soil, and a modified
direct-contact type (thermal-conductivity cell) in which the leater
and the temperature-measuring elements are in contact with, but sep-
arated by, a portion of the soil being tested.

Use of heat-diffusion cells has indicated that the blocks are sensitive
to minor variations in construction. The cells are unsatisfactory
when used in soils at moisture contents above field capacity; in high-
shrinkage soils, intimate contact between the cell and the soil is lost
as the moisture content decreases and erratic results are obtained until
the shrinkage limit is reached. The porous-block type of cell has
been reported as entirely unsatisfactory because consistent correlation
between soil moisture and cell measurements could not be obtained
under different soil conditions. The thermal-conductivity cell has
been the most satisfactory of the three types but needs further
development.
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Heat-diffusion cells require calibration for different soils and den-
sities, but Shaw and Baver (C, 1939b) noted that salt con~entrations
from 100 to 10,000 ppm did not affect the readings. None of the types
of cells can be easily installed at depths of more than 5 feet or in
undisturbed soil. These cells have not received widespre~d use and
are not presently available from commercial sources.

ABSORPTION

Livingston and Koketsu (D, 1920) developed porous points or
blocks that would absorb moisture from the adjacent area when
installed in the soil. The soil moisture was then estimated from the
change in weight of the points or blocks. Wilson (D, 1927) and
Stoeckeler (D, 1937) did additional work on the use of absorption
blocks. Davis and Slater (D, 1942) used an absorption black consist-
ing of a porous chamber that contained a close-fitting plug that could
be removed for weighing. The plug overcame the disacvantage of
having to disturb the installations in the soil each time the blocks were
to be weighed. Dimbleby (D, 1954) developed a pencil-type absorp-
tion block which is stuck into the soil ; the moisture contents are esti-
mated from the color changes of the “pencil.”

This method is more qualitative than quantitative and has consider-
able inherent error; it has never been used extensively.

TENSIOMETRIC

A tensiometer consists of a porous point or cup (usually ceramic)
connected through a tube to a pressure-measuring device. The system
is filled with water and the water in the point or cup comes into
equilibrium with the moisture in the surrounding soil. ™Vater flows
ont of the point as the soil dries and creates greater tenson, or back
into the point as the soil becomes wetter and has less tension. These
changes in pressure, or tension, are indicated on a measuring device,
usually a Bourdon-tube vacuum gage or a mercury manometer. (See
fig. 6.) The tensiometer may also be attached to a pressure recorder
(Richards and Gardner, E, 1936) or to an electonic pre-sure trans-
ducer to maintain a continuous record of tension changes. Tensiom-
eters are available in lengths of 6 inches to 4 feet, but prchably could
be manufactured in longer lengths if desired. Specially constructed
tensiometers have been installed to depths of 15 feet (Ricl ~rds, L. A.,
E, 1942). Multiple tensiometers, for determining tension data at
several depths by use of a single probe, were developed by L. A. Rich-
ards (E, 1954).

Tensiometers were probably most fully developed by L. A. Richards
(E, 1942). They are most useful for measuring moisture content
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equipment and the work of calibration, this method requires sufficient
effort and expense that one must consider seriously whether gravi-
metric sampling would not be a satisfactory substitute.
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